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A. the whole un-sectioned lapillus; B. sectioned lapillus; C. pecto-
ral fin of advanced age; D. pectoral fin of juvenile fish; E. scale; F. o-
perculum. A,B,C,E and F come from the same fish, female, SL 38.2
mm; D male, SL26.3 mm; The dots represent annual ring, arrows re-

present false annuli
Fig.1 Characteristics of the four calcified structures used

to age common carp in Dianchi Lake
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Fig.2 Age bias plot for pairwise comparisons based on age determinations using the four materials for common carp
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A Comparative Study of Four Age Validation Structures for Common Carp
( Cyprinus carpio) in Dianchi Lake in Yunnan, China

LI Xiao, SHEN Jian-zhong, GONG Jiang, YU Wen-juan, ZHANG Ya-hui, LI Zong-dong

(College of Fisheries, Huazhong Agricultural University, Wuhan 430070,P. R. China)

Abstract ; Validation of fish age is the foundation for fish growth and age structure analysis as well as estimating the
death rate of a fish population. Calcified structures of fish produce periodic growth increments useful for age deter-
mination at the annual scale. Determining proper structures for age validation increases the accuracy and precision
of fish aging. The international community of researchers has not reached a consensus on which of the four calcified
structures (lapillus, scale, pectoral fin and operculum) is the best for determining the age of Cyprinus carpio and
all have been used. In China, only scales have been used for Cyprinus carpio aging and some researchers have sug-
gested that pectoral fins and opercula are not suitable for aging Cyprinus carpio. Furthermore, fish growth is influ-
enced by environmental factors which could cause variation in the incremental deposition to the different calcified
structures and this should be considered when selecting the most suitable age validation structure. In this paper, we
describe the morphology and annuli characteristics of four aging materials (lapillus, scale, pectoral fin and opercu-
lum) for common carp in Dianchi Lake of Yunnan province, China. The agreement among the four calcified struc-
tures for determining the age of common carp in Dianchi Lake was also analyzed. 584 common carp with body
length 7.5 -=50.5 cm and body weight 17.2 —3 211.3 g were collected by trawling in Dianchi Lake during May
and June and from August to November of 2013, and from March to July of 2014. A total of 584 lapillus speci-
mens, 276 scale specimens, 276 operculum specimens and 274 pectoral fin specimens were prepared and all speci-
mens were observed and photographed under a dissecting microscope. The results show that the incremental deposi-
tion on the lapillus of common carp was distinct, demonstrating an obvious alternate opaque zone and translucent
zone under reflected light. Among the four structures, the sectioned lapilli showed the highest percentage agreement
(88.0% ) between duplicate age readings by the same observer, followed by scales (84. 1% ), pectoral fins
(73.7% ) and opercula (72.1% ). The average percent error for the duplicate age readings on sectioned lapilli,
scales, pectoral fins and opercula were 2. 6% and 2.9% , 4.7% and 5.9% , respectively. Furthermore, compared
with the age validation by sectioned lapilli, scales showed the highest percentage agreement (77.5% ) and the low-
est coefficient of variations (6. 14% ) , while opercula and pectoral fins gave only 61.9% and 56.2% percentage a-
greement with sectioned lapilli. The first annuli of the opercula and pectoral fins were both difficult to confirm and
the coefficient of variation for the two materials were both over 12% . To summarize, sectioned lapilli are the best
age determination material for common carp in Dianchi Lake. Scales can be used for age determination of individu-
als less than 4 years old, while opercula and pectoral fins are not suitable for determining the age of common carp.
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